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(54) METHOD OF CLEANING SILICON WAFER 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a method of 
cleaning a silicon wafer which enables to lower the nickel 
concentration in a short time. 

SOLUTION: An oxide film formation cleaning for forming 
an oxide film 3 on the surface of a silicon wafer 1, and 
an oxide film removal cleaning for removing the formed 
oxide film 3, are repeated several times with any other 
chemical cleaning interposed between the two cleaning 
processes. The oxide film formation cleaning is a 
process for forming the oxide film 3 using either ozone 
water, SC1 washings, or SC2 washings. The oxide film 
removal cleaning is a cleaning process for removing the 
oxide film 3 formed on the silicon wafer 1 using a 
hydrofluoric acid. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1]A cleaning method of a silicon wafer repeating oxide film formation washing which forms 
an oxide film on the surface of a silicon wafer, and oxide-film-removal washing which removes a 
this formed oxide film two or more times without inserting other chemical washing. 
[Claim 2]A cleaning method of the silicon wafer according to claim 1, wherein said oxide film 
formation washing is washing which forms an oxide film on the surface of a silicon wafer using 
SC2 ozone water, SC1 penetrant remover, or a penetrant remover. 

[Claim 3]A cleaning method of a silicon wafer repeating oxide film formation washing which forms 
an oxide film on the surface of a silicon wafer using ozone water, and oxide-film-removal washing 
which removes a this formed oxide film two or more times. 

[Claim 4]A cleaning method of the silicon wafer according to any one of claims 1 to 3, wherein 
said oxide-film-removal washing is washing which removes an oxide film of a silicon wafer 
surface using fluoric acid. 

[Claim 5]A cleaning method of the silicon wafer according to any one of claims 1 to 4, wherein a 
rear stirrup of a process of repeating said oxide film formation washing and said oxide-film- 
removal washing performs SC1 washing and SC2 washing in front. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]This invention relates to the cleaning method of a silicon wafer. 
[0002] 

[Description of the Prior Art]For example, in the vapor phase growth process order which forms 
a silicon epitaxial layer on the main table side of a silicon single crystal substrate, The process of 
washing a silicon single crystal substrate or a silicon epitaxial wafer (henceforth [ a silicon single 
crystal substrate and a silicon epitaxial wafer are named generically, and ] a silicon wafer) is 
more generally than before performed. This washing is performed by an RCA cleaning method, 
for example. This RCA cleaning method is washing which combines suitably SC1 washing, SC2 
washing, and DHF washing according to the purpose. Among these, SC1 washing is washing 
which uses the mixed liquor of an ammonia solution and hydrogen peroxide solution, and removes 
particles (particle) using electrostastic rebounding between particles, such as silicon, and silicon 
wafer in an alkali solution. SC2 washing is washing which ionizes and removes metal using the 
mixed liquor of chloride and hydrogen peroxide solution. DHF washing is washing which removes 
the natural oxidation film of a silicon surface using rare fluoric acid. 
[0003] 

[Problem(s) to be Solved by the Invention] However, the above-mentioned RCA cleaning method 
takes very much washing time which is not easy to reducing nickel (nickel) concentration. 
[0004]This invention was made in order to solve the above-mentioned technical problem, and an 
object of this invention is to provide the cleaning method of the silicon wafer to which nickel 
concentration can be reduced suitably. 
[0005] 

[Means for Solving the Problem]this invention person found out that nickel concentration could 
be reduced by washing a silicon wafer on the following conditions (conditions 1-3). 
(Conditions 1) As a silicon wafer to be washed, the 6-inch silicon epitaxial wafer (nickel 
contamination level; (5.2-5.8) x10 10 atoms/cm 2 ) by which nickel contamination was carried out is 
used. 

(Conditions 2) The following (1), (2), and (3) are used as a penetrant remover. 

(1) SC1(1:1:5) 

(2) SC2(1:1:20) 

(3) fluoric acid (30%) 

A drug solution for SC1 washing is mixed liquor of an ammonia solution (NH 4 OH water of 29% of 

concentration), and hydrogen peroxide solution (H 2 0 2 water of 31% of concentration) here, A 

drug solution for SC2 washing is mixed liquor of chloride (HCI of 36% of concentration), and 
hydrogen peroxide solution (H 2 0 2 water of 31% of concentration). A number in each parenthesis 

shows composition ratio. That is, as a drug solution for SC1 washing, composition ratio of NH 4 

OH, H 2 0 2 , and H 2 0 uses a thing of 1:1:5. As a drug solution for SC2 washing, composition ratio 

of HCI, H 2 0 2 , and H 2 0 uses a thing of 1:1:20. 
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(Conditions 3) Let a washing flow of one cycle be the following flow (washing flow B). 
SC1 washing -> pure-water-rinsing x2 -> fluoric acid washing -> pure-water-rinsing x2 ->SC1 
washing x2 -> pure-water-rinsing x2 ~>SC2 washing -> pure-water-rinsing x2 — here, suppose 
that SC1 washing, pure water rinsing, fluoric acid washing, and SC2 washing are performed every 
[ 3 ], respectively. "x2" means repeating twice. 

[0006]When washing repeatedly on the above conditions, a changing situation of nickel 
concentration detected on the surface of a silicon wafer, i.e., the number dependency of washing 
cycles of nickel concentration, (it is to 7 cycle eye at the above-mentioned washing flow) is 
shown in drawing 3 (and graph of the washing flow B of drawing 6 ). it is shown in this drawing 3 
(and drawing 6 ) — as — the above-mentioned washing flow — 5 cycle ******** — nickel 
concentration can be made into less than a minimum-limit-of-detection value (for example, 

1.6x10 9 atoms/cm 2 ) by things. "ND (NonDetect)" means that it was not able to detect with 
measuring apparatus (nickel concentration should be less than a minimum-limit-of-detection 
value) by drawing 6 . Nickel concentration is the value measured using an atomic absorption 
method altogether. 

[0007] Only the conditions 2 are changed and nickel concentration of 1 cycle ****** case is 
shown for the above-mentioned washing flow in drawing 4 and drawing 5 . Among these, drawing 4 
shows nickel concentration at the time of changing concentration of fluoric acid (1%, 2%, 3%, 5%, 
30%). In the range whose fluoric acid concentration is 1% - 30% at least, it does not depend on 
concentration of fluoric acid for nickel concentration detected after washing so that a result of 
this drawing 4 may show. On the other hand, drawing 5 shows nickel concentration at the time of 
changing composition ratio of SC1 penetrant remover and SC2 penetrant remover. SC1 
penetrant remover investigated a case where it was a case where composition ratio with NH 4 

OH, H 2 0 2 , and H 2 0 is 1:1:5, and 4:1:20. SC2 penetrant remover investigated a case where it was 

a case where composition ratio of HCI, H 2 0 2 , and H 2 0 is 1:1:20, and 1:1:5. In the range of 

composition ratio of this example at least, it does not depend for nickel concentration after 
washing on composition ratio of each penetrant remover (SC1 penetrant remover, SC2 penetrant 
remover) so that a result of this drawing 5 may show. 

[0008]If an example is taken in the above thing, nickel concentration detected after washing, It 
turns out that nickel concentration detected after washing falls, so that it is not dependent on 
composition ratio of fluoric acid concentration, SC1 penetrant remover, and SC2 penetrant 
remover and this number of cycles increases depending on the number of repetition cycles of 
washing (for example, washing performed by the above-mentioned washing flow B). 
[0009]From this, a mechanism in which nickel is removed from a silicon wafer is considered to be 
as follows. The silicon wafer 1 in the state where the oxide film 3 was formed in the surface of 
the main part 2 of a wafer is shown in drawing 1 (a). The main part 2 of a wafer consists of a 
silicon epitaxial layer formed, for example on a silicon single crystal substrate and this board. As 
shown in drawing 1 (a), the nickel 4 exists near an interface with the oxide film 3 on the main 
part 2 of a wafer of the silicon wafer 1 , and this main part 2 of a wafer, In connection with 
etching the oxide film 3, for example by fluoric acid, and removing it, the nickel 4 which exists in 
this oxide film 3 is also removed from the silicon wafer 1 ( drawing 1 (b)). Next, nickel which 
existed in the silicon wafer 1 is incorporated into the oxide film 3 at the same time it forms the 
oxide film 3 in the surface of the silicon wafer 1 again (the oxide film 3 is formed with SC1 
penetrant remover in the case of the above-mentioned washing flow B), as shown in drawing 1 
(c). The nickel 4 incorporated into this oxide film 3 is removed in connection with removing the 
oxide film 3 again ( drawing 1 (d)). the nickel 4 which exists near the surface of the silicon wafer 1 
by repeating such a washing process can be reduced gradually — a result — nickel 
concentration — for example, less than a minimum-limit-of-detection value — it can carry out . 
[0010]Then, this invention person found out that nickel concentration could be reduced like the 
above by washing a silicon wafer on the following conditions (conditions 4-6). 
It is the same as that of the condition 4. above-mentioned conditions 1 . 
Following (1) and (2) are applied as a condition 5. penetrant remover. 
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(1) Fluoric acid (1%) 

(2) Ozone water (5 ppm) 

It is considered as a washing flow (washing flow A) below condition 6. 

{Fluoric acid washing (15 seconds) -> ozone water washing (15 seconds)} x5 cycle repetition -> 
pure water rinsing (3 minutes) 

[001 1]Thus, when repeating mutual washing with fluoric acid and ozone water 5 times, a changing 
situation of nickel concentration detected on the surface of a silicon wafer, i.e., the number 
dependency of washing cycles of nickel concentration, is shown in a graph of the washing flow A 
of drawing 6 . As shown in this drawing 6 , when applying the washing flow A, nickel concentration 
can be made into less than a minimum-limit-of-detection value by repeating washing of three 
cycles. 

[0012]Then, a cleaning method of a silicon wafer of this invention repeats oxide film formation 
washing which forms an oxide film on the surface of a silicon wafer, and oxide-film-removal 
washing which removes a this formed oxide film two or more times, without inserting other 
chemical washing. 

[0013]As for oxide film formation washing, more specifically, it is preferred that it is washing 
which forms an oxide film on the surface of a silicon wafer using SC2 ozone water, SC1 
penetrant remover, or a penetrant remover. SC1 penetrant remover is mixed liquor of an 
ammonia solution and hydrogen peroxide solution, and SC2 penetrant remover is mixed liquor of 
chloride and hydrogen peroxide solution. Here, as long as it is washing (for example, pure water 
rinsing) of those other than chemical washing, it may carry out between oxide film formation 
washing and oxide— film-removal washing. 

[001 4]A cleaning method of a silicon wafer of this invention may be a repeating-two or more 
times-oxide film formation washing [ which forms an oxide film on the surface of a silicon wafer 
using ozone water ], and oxide-film-removal washing which removes this formed oxide film 
cleaning method. In this cleaning method, other chemical washing processes may also be 
inserted between oxide film formation washing and oxide-film-removal washing if needed. 
[0015]As for oxide-film-removal washing, more specifically, it is preferred that it is washing 
which removes an oxide film of a silicon wafer surface using fluoric acid. 

[0016]As for a rear stirrup of a process of repeating oxide film formation washing and oxide-film- 
removal washing, it is preferred to perform SC1 washing and SC2 washing in front. 
[0017] 

[Embodiment of the Invention] Below, the example of the desirable embodiment of the cleaning 
method of the silicon wafer concerning this invention is shown. By this embodiment, the oxide 
film 3 ( drawing 1 ) is formed in the surface of the silicon wafer 1 ( drawing 1 ) using ozone water 
(0 3 water), and the example which removes this formed oxide film 3 using fluoric acid (HF) is 

explained. 

[0018]An example of the desirable washing flow (it is considered as the washing flow C) of this 
embodiment is shown in drawing 2 . As shown in this drawing 2 , the silicon wafer 1 is dipped in a 
fluoric acid (HF) liquid chemical tub (for example, about 1% of concentration) at Step S1, Next, it 
is 3 cycle ********, for example about the process (repetition washing) of dipping the silicon 
wafer 1 taken out from this fluoric acid liquid chemical tub at Step S2 in an ozone water (0 3 

water) liquid chemical tub (for example, ozone level of about 5 ppm). Here, by dipping the silicon 
wafer 1 in a fluoric acid liquid chemical tub at Step SI, etching is performed and the oxide film 3 
of the silicon wafer 1 surface is removed. Under the present circumstances, the nickel 4 in this 
oxide film 3 is also removed from the silicon wafer 1 with the oxide film 3. That is, Step S1 is 
equivalent to oxide-film-removal washing of this invention. By dipping the silicon wafer 1 in an 
ozone water liquid chemical tub at Step S2, the surface of the silicon wafer 1 oxidizes and an 
oxide film (Si0 2 ) is formed. That is, Step S2 is equivalent to oxide film formation washing of this 

invention. The thickness of the oxide film formed at this step S2 is about 1 nm, the oxide film of 
thickness of this level can be formed by dipping the silicon wafer 10 in an ozone water drug 
solution layer about 10 second, and even if it dips more, thickness hardly changes. So, in this 
embodiment, the length of time to perform Step S2 is set, for example as 15 seconds, for 
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example. The length of time to perform Step S1 is also set as 15 seconds according to the 
length of time to perform Step S2. Since oxide films, such as a natural oxidation film, are formed 
in the surface of the silicon wafer before performing the washing process of this invention, in the 
washing flow C, it begins from oxide-film-removal washing instead of formation washing of an 
oxide film first. 

[001 9]repetition washing of such a step S1 and Step S2 — for example, 3 cycle **** ((a) and 
the (1st step S1) of drawing 1 .) (b), the (1st step S2), (c), the (2nd step S1), (d), the (2nd step 
S2), (e), the (3rd step S1), (f), and the (3rd step S2) — by things, the nickel 4 in the silicon wafer 
1 can be reduced gradually — a result — nickel concentration — for example, less than a 
minimum-limit-of-detection value (for example, 1.6x10 9 atoms/cm 2 ) — it can carry out . 
[0020]Next, at Step S3, the silicon wafer 1 which finished repetition washing (let this repetition 
washing be Step S10 hereafter) of this step S1 and Step S2 is dipped in a pure water tub, and 
pure water rinsing is carried out. Next, the silicon wafer 1 after Step S3 is dipped in SC1 liquid 
chemical tub in step S4, SC1 washing is performed, and particle is mainly removed. The 
composition ratio of NH 4 OH, H 2 0 2 , and H 2 0 of the drug solution for SC1 washing used here is a 

mixed drug solution of 1:1:5, for example. Next, at Step S5, the silicon wafer 1 after step S4 is 
dipped in a pure water tub, and pure water rinsing is carried out. This step S5 is repeated twice, 
for example. Next, the silicon wafer 1 after Step S5 is dipped in SC2 liquid chemical tub at Step 
S6, SC2 washing is performed, and metallic contamination (metallic contamination which is not 
nickel) is mainly removed. The composition ratio of HCI, H 2 0 2 , and H 2 0 of the drug solution for 

SC2 washing used here is a mixed drug solution of 1:1:20, for example. Next, at Step S7, the 
silicon wafer 1 after Step S6 is dipped in a pure water tub, and pure water rinsing is carried out. 
This step S7 is repeated twice, for example. Next, the silicon wafer 1 after Step S7 is dried at 
Step S8. 

[0021]For example, the above-mentioned step S10 (repetition washing) can be enough carried 
out here, if it is about 3 minutes in all. Then, according to time to perform this step 10, the 
length of time to perform the above-mentioned step S3 (pure water rinsing), step S4 (SC1 
washing), Step S5 (pure water rinsing), Step S6 (SC2 washing), and Step S7 (pure water rinsing) 
is also set up in 3 minutes, respectively. Each of above-mentioned steps S1-S7 carry the silicon 
wafer 1 of two or more sheets, for example in the career made of a fluoro-resin, it is every 
career of this and dipping the silicon wafer 1 in each liquid chemical tub, and are put in block to 
the silicon wafer 1 of two or more sheets carried in the career, and are performed. That is, since 
the length of time to perform the above-mentioned step S10, Step S3, step S4, Step S5, Step 
S6, and Step S7 in addition to processing the washing flow of drawing 2 t o what is called a batch 
type is made equal to 3 minutes, respectively, Many silicon wafers 1 can be efficiently washed to 
the silicon wafer 1 carried in each career by performing Step S10, Step S3, step S4, Step S5, 
Step S6, and Step S7 one by one in assembly line. 

[0022]Oxide film formation washing (Step S2) which forms the oxide film 3 in the surface of the 
silicon wafer 1 according to the cleaning method of the silicon wafer of such an embodiment, 
Nickel concentration can be made into less than a minimum-limit-of-detection value in a short 
time by repeating oxide-film-removal washing (Step S1) which removes the formed this oxide 
film 3 two or more times, without inserting other chemical washing. In this embodiment, although 
it was made to perform oxide film formation washing (Step S2) using ozone water, for a certain 
reason, the rinse effect of removing fluoric acid to ozone water can also perform Step S2 after 
Step S1, without performing pure water rinsing, and is dramatically efficient. And since SC1 
washing (step S4) and SC2 washing (Step S6) are also performed after repetition washing (Step 
S10) with oxide film formation washing (Step S2) and oxide-film-removal washing (Step S1), the 
surface particle and metal particles of the silicon wafer 1 are also removable. 
[0023]Although the above-mentioned embodiment explained the example which performs oxide 
film formation washing using ozone water, this invention is good also as performing oxide film 
formation washing, using [ not only this but ] SC1 penetrant remover or SC2 penetrant remover 
for example. However, after performing pure water rinsing after oxide film formation washing in 
these cases, it is preferred to perform oxide-film-removal washing. Although the concentration 
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of fluoric acid at the time of performing oxide-film-removal washing was set up to about 1% in 
the above-mentioned embodiment, the concentration of fluoric acid may be changed suitably. 
For example, as shown in drawing 7 , when the oxide film 30 (thickness is about 500 nm) for the 
prevention from autodoping is beforehand formed in the rear face of the silicon wafer 1 , For 
example, it is good also as performing oxide-film-removal washing using fluoric acid of about 25% 
of concentration, and removing the oxide film for the prevention from autodoping by this oxide- 
film-removal washing. By this using the character of fluoric acid that the etch rate of an oxide 
film is large, so that concentration is high, and using fluoric acid (for example, about 25%) with 
comparatively high concentration, Compared with the oxide film 3 whose thickness is about 1 
nm, the oxide film 30 with dramatically large thickness is also suitably removable. 
[0024] 

[Effect of the Invention]According to the cleaning method of the silicon wafer concerning this 
invention, nickel concentration can be reduced for a short time by repeating oxide film formation 
washing which forms an oxide film on the surface of a silicon wafer, and oxide-film-removal 
washing which removes the this formed oxide film two or more times, without inserting other 
chemical washing. 



[Translation done.] 
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Lfc^ s t/^*l:ii7yilSr8fc*t5 y y^^Itfe 
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(X777S1) ico^i9 3gL?5fe# (xxy^SlO) 

CO^(CSClgfe#- (7f 5 '7 , S4) *SitfSC2ffij^ 
(^7-y7S6) i>ftb<DX\ -y!i3y>)i-Ai©S 
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